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W"e analyzed the location of binding sites for petn-
phigus vulgaris (PV) antigen and pemphigus folia-
ceus (PF) antigen in the human epidermis using 
serum samples obtained from three patients with PV 
and three patients with PF. Confocal laser scanning 
microscopy, imtnunofluorescent examination of ul-
trathin cryosections, and immunoperoxidase elec-
tron microscopy demonstrated discontinuous dots 
along the epidermal cell surfaces. Immunogold elec-
tron microscopy of ultrathin cryosections showed 
specific binding ofPV and PF autoantibodies only to 
desmosomes. Post-embedding imtnunogold electron 
microscopy using cryofixation and cryosubstitution 
enabled the whole depth of the epidermis to be 
examined and the binding ofPV and PF autoantibod-
ies to be quantitated by counting gold particles . Both 
PV and PF autoantibodies bound to all desmosotnes 
in the epidermis, but not to the surface of the non-
A utoantibodies against the pemphigus vulgaris (PV) antigen (PV A or Dsg3) [1- 6] and the pemphigus folia ce us (PF) antigen (PFA or Dsgl) (6-9] arc involved in the pathogenesis of blister formation . The resu lts of previous immunoelectron microscop y 
(IEM) studies on the location of binding sites of PV and PF 
autoantibodies in the epidermis have been contradictory. Pre-
e mbedding pero:-.:idase IEM studies have shown dilfuse binding of 
both PV (10-13] and PF [14-16] autoantibodies along the m em-
branes of ke rati.nocytes. However, pre-embeddiJlg gold IEM smd-
ies have suggested the relationship of PY f17, 18] and PF [18] 
autoantibodies to desmosomes. JOrpati ct nl demonstrated that the 
binding of rabbit antibodies against bacteria l fusio n proteins that 
contain the extracellular domain of PV A was restricted to the 
extracellu lar region of desmosomes (19]. Although Rappersbcrger 
et nl recently demonstrated that PF autoantibodies batmd to des-
mosomes in ultrathin cryosections of human skin [20], the binding 
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desmosomal keratinocytes. The majority of auto-
antibody binding occurred in the extracellular do-
main (PV, 62%; PF, 69%). The statistical analysis 
of two-way analysis of variance regarding the num-
ber of gold particles labeling a single desmosome 
confirmed a significant interaction between sub-
types of pemphigus (PV and PF) and the different 
epidermal cell layers (p < 0.044). The results indicate 
that the number of gold particles bound to individual 
desmosomes with PV sera was significandy higher in 
the lower epidermis than in the upper epidermis, 
and that of PF sera showed reciprocal pattern. This 
inversely graded binding pattern suggests heteroge-
neity of the composition of the destnoson1es, which 
may explain the differences in level of acantholysis 
between PV and PF. Key words: imm.Jmoelectvou micvos-
copylcl1'o"ltra 111 icvotomy I c•yo.fixationl cryos 11 bs titu tio 1tfca d-
lleviu. J luvest Dermato1105:153-159, 1995 
site of PV autoantibodies in the human epidermis has DOt been fully 
clarified, probably because of the technical difficulties. Most pre-
vious IEM studies that demonstrated a relationship between pem-
phigus autoantibodies and desmosorncs were performed with pre-
embedding immunolabe ling, in which the penetration of the 
label ed antibody into the intact dcsmosomes is limjted to the 
extracellular space, prohibiting detection of intracellular epitopes 
[17-19). 
R ecent molecular biologic studies have shown that PV and PF 
autoantibodies bind to fusion proteins that contain the cxtraceUular 
domain of PYA and PFA [21-23]. However. conformational 
cpitopes not expressed in the fusion protein are believed to be 
imporcant in the pathogenesis of PV and PF [24). ln the present 
study, we used a low-temperature post- embedding gold IEM 
system that preserves both ultrastructure in the whole depth of 
epidermis and antigeni city of conformation a.! epitope to investigate 
whether PV and P F autoantibodies bind only to the cxtraceUular 
region of desmosomes, and not to the non-desmosomal surfaces of 
keratinocytes; whether all d esmosom es in the different epidermal 
cell layers bind to PV serum and/ or PF serum; and whether there 
are quantitative differences in the binding of PV and PF autoanti-
bodies in single desmosomcs in difFerent ce ll la yers of the epidermis 
that would explain dilferent levels of acantholysis in the epidermis. 
Here we present the evidence that PV and PF sera show an 
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Table I. Mean Number of Gold Particles 
Immunolabeling a Single Desmosome in the Different 
Epidermal Cell Layers 
Epidermal Cell Laye rs 
Subtypes of pemphigus Patient Gran ular Squamo us Basal 
PV-1 10.55 16.79 15.00 
Pemphigus vulga ris PV-2 12.27 15.77 15.40 
PV-3 13.43 14.92 17.64 
PF-1 26.89 30.67 20.14 
Pemphigus foliaceus PF-2 35.17 28.20 26.40 
PF-3 32.90 32 .61 30.30 
inversely graded binding patte rn to extracellular region of d esmo-
som es in different layers of human epidermis. 
MATERIALS AND METHODS 
Sera Sera from th ree patients with PV reacting only with 130-kDa PVA 
and the three with PF reacting only with 160-kDa PFA on immuno blotting 
of nonnal human epidennal extracts perfom1ed as described below were 
se lected. T hese patients showed typica l clinical and histologic features of the 
diseases. Indirect immunofluorescence of the serum samples showed char-
acteristic cell-surf.1ce labeling on normal human skin in titers of 1:160 to 
1:640. For the comparative !EM study, we used rabbit polyclonal an tibody 
against desmogle in [25] (kindly provided by Dr. H. Siuda, Department of 
Biology, University of Yamanaslu Medical School, J apan) and mouse 
monoclonal antibody against desmoplakin, 11-5 F [26) (kindly provided by 
Dr. D. R . Garrod, CRC Epitheli al Morphogenesis Research Gro up , School 
of Biologica l Science, University of Manchester, England) . Normal serum 
(human, rabbit, o r mouse) was used as the negative control. 
Immunoblotting and Affinity Purification of Autoantibodies 
Westem immun.oblo tting was performed as described previously using 
di spasc- separated normal human epidermal extracts as the source of anti-
gens [6] . For affinity-purification , lgG autoantibodies specific to PVA or 
PFA were obtained from the serum of patients with PV o r PF as described pr~vious l y [27-30]. ln brief. ho rizontal strips we re cut from an antigen-
blotted nitroce llulose membrane containing either PVA o r PFA for usc as 
the immunoabsorbent. T he specific lgG autoantibodies bound to PVA and 
PFA were elu ted under acidic conditions, neutralized, dialyzed, and con-
centrated. Immunoblotting of bacterial fusion proteins of the extracellular 
and intracellular domains of bovine Dsgl was performed as described 
previously [23]. 
Confocal Laser Scanning Microscopy Fresh-frozen 1 0-~J.m truck sec-
tions of human skin were prepared and attached to glass slides. T he 
specimens were incubated with PV serum (1 :20), PF se rum (1:20), or 
anti-desmoplakin monoclonal antibody (1 :2). After being washed in phos-
phate-buffered saline (PBS), they were reacted w ith a fluo rescein isothio-
cyana te (FITC)-conjugated secondary antibody (1 :40) (D:~ko, Denmark) 
and examined by confocal laser scanning microscopy [31 J (M RC-600, 
Nippon .Bio-Rad Laboratory , Tokyo, Japan) . 
Immunofluorescence of Ultrathin Cryosections Ultrathin cryosec-
tions of human skin 0.2 IJ.m thick were used as the substrate for indirect 
immunofluorescence instead of the conventional 6-~J.m frozen cryostat 
sections. Ul trathin cryosection.ing was performed essenti all y according to 
the method ofTokuyasu [32]. Ultrathin cryosections were placed on glass 
slides and incubated according to the con ventional immunofluo rescent 
method as described above. To prevent f.1din g of the fluo rescence from 
ul trathin sections, the slides were mounted with 90% glycero l/ PBS con-
taining 0.009 M p-phenylenediaminc as an anti-fading agent [33]. 
Direct Pre-Embedding Peroxidase IEM The i11 11 i11o binding of lgG 
was examined by direct pre-embedding peroxidase rEM, as described 
previo usly [34] . In brief, peril esional skin samples from patients with PV and 
PF were embedded in OCT compound and quickly frozen in liquid propane 
( - 1 90°C). The 6-~J.m-tluck sections were incubated with horserad ish 
peroxidase-conjugated rabbit anti-human lgG serum, pre-fixed with glu-
tara ldehyde, and reacted with 3,3 '-diaminobenzidine. 
Gold IEM of Ultrathin Cryosections T he location of ill 11itro bi11ding 
sites of PV and PF autoantibodies in no rmal human skin was examined by 
cryo-ul tramicrotomy, as described previously [20,32) . lmmunolabeling was 
performed as described below for post-embedding immunogold EM. 
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Post-Embedding Gold IEM Using Cryofixation and Cryosubstitu-
tion Localiza tion of the i11 11 it ro ultrastructural binding sites of autoanti-
bodies of PV and PF to the human epidermis was detem1ined by post-
embeddi ng go ld LEM with cryofixation and freeze substitution wi thout 
chemica l fixatives [30,35-38], with sligh t modifications [39]. In brief, fresh 
nom1a l human skin specimens (< 1 mm 3) were rapidly frozen by being 
plunged in to liquid propane (- 190°C). Specimens were soaked in 100% 
ace tone at -80°C for "1 20 h for cryosubstin1tion and then embedded in 
Lowicryl K11 M (Chenusche Werke Lowi, Waldkra iburg. Germany). Ul-
trathin sections were incubated with PV serum (1 :40), PF serum (1:40), 
aff-inity-purified PV lgG aga inst the 130-kDa PVA, and affini ty-purified PF 
IgG aga inst the 1 60-kDa PFA . Specimens were then placed on a drop of 
5-nm gold-labeled goat anti-human lgG (Amersham International, Buck-
inghamslure, UK) diluted 1:40 at room temperature for 2 h. Some of tl1e 
specimens were processed fo r immunogold sil ver stai1ung as described 
previously [37]. For comparative immunolabeling, the first-step primary 
antibodies were replaced witl1 antibodies aga inst desmoglein {l :2) or 
desmo plakin (1 :4). In negative control samples, the specific first- step 
immunoreagen ts were rep laced with normal human, rabbi t, or mouse 
serum . For do uble immunolabc ling, sections were incubated with PV or PF 
se rum (1:40) and a monoclonal antibody aga inst desmoplakin ( I :4). We 
used 20-nm gold-coujugated anti-human lgG and 5-nm gold-conjugated 
anti-mouse lgG as the secondary antibody. 
Quantitative Analysis Q uan titative analysis of the binding ofPV and PF 
sera was feasibl e because the skin substra te prepared for post-embedding 
lEM showed excellent ultrastructural and antigenic prese rvation tl1roughout 
the entire epidermis. T he di stribu tion of the binding sites of PV and PF 
autoantibodies was quantified in 300 desmosomes (1 00 fro m the granular 
layer, l 00 from tl1e squamo us layer, and l 00 fro m the basa l cell layer of 
epidermis) labeled with each type of serum (each of the three PV and three 
PF serum samples). T he 300 desmosomes selected fo r quantification were 
sectioned in a plane verti cal to the plasma membrane to allow optimal 
ultrastructural examination . We counted the number of gold particles of 
each desmosome and determined the mean number of go ld particles 
immunolabeling a single desmosome in the different epiderma l cell layers 
(Table I) . Furthermore, the number of gold particles associated with each 
region of the desmosomes, i.e., the extracellular region, the plasma 
membrane, and the in tracellular attachment plaque, were counted. 
Diffe rence in the quan titative distribution in binding of PV and PF sera in 
a single desmosome in the different ce ll layers of the epidennis was an alyzed 
by two-way analysis of variance. A leve l of p < 0.05 was accepted as 
statistically signifi cant. 
RESULTS 
Characterization of PV and PF Sera Immunoblot analysis 
sh owed tha t the sera fro m three p atie nts with PV and three wi th PF 
bound to PVA and P FA, respective ly. T h e three PV sera reacted 
with the 130-kDa PYA, but not with the 160-kDa P FA of the 
e pide rmal extract (Fig 1) or w ith the bac terial fusion proteins of the 
extracellular and intracellular domains of bovin e Dsgl [34). West-
ern blot anal ysis of epiderma l extracts showed that the three PF se ra 
reac te d with PFA, but not with PV A (Fig 1). PF sera also 
sp ecifi ca lly reacted with the bacteria l fu sion protein of the extra-
cellula r domain of Dsgl. 
Discontinuous Dot-Like Binding of PV and PF Autoanti-
bodies to the Surfaces of Keratinocytes Both confocal lase r 
scanning 1nicroscopy and immw10Auorescen ce of ultrathin cryosec-
tions showe d the labe ling with both PV and PF serum as discon-
tinuou s dots alo ng the surfaces of the keratin ocytes. A n ti-desmo-
pla kin monoclonal antibod y a lso showed a di scontinuous dot-like 
binding pattern (data not show n) . Direct pre- e mbe dding peroxi-
dase IEM showe d a discontinuous band-like pattern of ;, rli11o 
d eposition oflgG in th e p e ril esional skin of patients with PV and PF 
(Fig 2). We observed n o d esmosomal struc tures that were not 
covered with the e lectron-de n se diamino b en z idin e reaction prod-
u c ts, indicatin g that most labeling was associated w ith d esmosom es. 
Little labeling w as seen on non-desmosomaJ surfaces of ke rati.no-
cy tes (Fig 2) . Howeve r, localizatio n of binding could not be 
precise ly d etcnnin ed b eca use of the large amount of the diamino-
b en z idinc product and the poor ul tras truc tural preservation of the 
skin. 
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Figure 1. PV and PF sera recognize the 130-kDa PVA and 160-kDa 
PFA, respectively. On Western immunoblot of dispasc-scpa.rated human 
epidem1al extract, sera from three patients with PV subjected to inmnmo 
EM studies reacted with the 130-kDa PVA, but not with the 160-kDa band 
of PFA (lattcs 1-3). In contrast, sera from three patients with PF reacted with 
PFA but no t PVA (latt es 4-6). 
Figure 2. l11 vi11o binding IgG in the PV and PF skin show discon-
tinuous band-like pattern. Perilesional slcin samples from patients with 
PV (A , B) and PF (C, D) were incubated with horseradish-peroxidase-
conjugated anti-human lgG rabbit serum and visua lized with diaminoben-
zidine. A discontinuous band-like pattern was observed. Bars, 1 IJ.m. 
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Figure 3. Ultrastructure and antigenicity a.re satisfactorily pre-
served in cryofixed, cryosubstituted, and Lowicryl-embedded skin 
specimens. Fresh normal human slcin was quickly frozen, cryosubstitutcd 
with acetone, and embedded in Lowicryl K11 M without chemical fi.xa tivcs. 
Transmission EM of the skin substrate for post-embedding immuno-EM 
sho wed sa tisf.1ctory structmal preservation throughout the epidermis (A) . 
Using this specimen as substrate for immuno-EM, we observed labeling of 
each desmosome w ith a11 ti-desm ogle in l rabbit polyclonaJ antibody 
tl1roughour the epidermis in the same EM field (B). Bars, 10 J.Lm . 
PV and PF Autoantibodies Bind Exclusively to Desmo-
somes At a low EM m agnification , the structural preservation of 
ultrathin cryosections obtained by cryo-ultram.icrotorn)' was poorer 
than that obtajned with the post-embedded m ethod. Only linuted 
areas of ul trathin cryosections could be used fo r high-power EM 
observation. However, EM showed specific binding of both PV and 
PF autoantibodies to desmosomes with m ajor binding to extracel-
lular site (data not shown) . 
The ultrastructure of epidermis in post- embedded IEM speci-
mens cryofi xed and cryosubstituted with 100% acetone was satis-
factorily preserved , sinular to that previously observed with 100% 
m ethanol ( 45-4 7). Desmosomes, conofilaments, and the plasma 
membrane were clearly visible (Fig 3A). Even at a low m agnifica-
tion, immunolabeling of the desmosomes with polyclonal affini ty-
purified desmoglein I antibody was clearly observed in all epider-
mal cell layers on the sam e ultrathin section (Fig 3B). Using such 
ultrathin sections as substrates, autoantibodies from aU six patients 
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Figure 4. PV autoantibodies bind to desmosomes. Ultrathin sections (Fig 3A) were incubated w ith PV serum and /o r anti-dcsm oplakin monoclonal 
antibody and then with gold-co•1jugatcd secondary antibody and examined by E M. With PV serum , goJd panicles were locallzcd in both intTacellular and 
extrace llular sites of the desmosom es. T he m<uority of binding was obser ved <Jt extracellular sites (A-H). N o specific labe ling was seen on non-dcsmosomal 
surfaces of kcratinocytes (A, B) . Anti-desmoplakin monoclo OJal antibody showed labeling in in trace llular dcsm osomal attacltmcnt plaque (1). Double 
immuno labeling with PV serum (20-nm gold probe) and anti-d csmopl;~kin m onoclonal antibody (5-nm gold probe) showed difFe rent binding sites in the same 
desmosomcs (/).Affinity-purified PV lgG <~gain st tbe 130-kDa PV A showed a labding pattern indistinguishable fi·om that seen w ith who le PV sera (K). Bars, 
0.1 /1-111. 
with PV or PF bound excl usively to desmosomes in ultrath in 
sections (Figs 4 and 5). Labeling was extensive in extracellul ar 
sites. Minor labeling up to 40 nm was observed inside the cell. 
Specific binding to the non-desmosom al areas of th e cell surfaces of 
keratinocytes w as not observed w ith PV or PF serum (Figs 4 and 
5). Affiniry-purifi ed PV IgG against the 130-kDa PVA (Fig 4K) 
showed a label ing pattern indistinguishable from that seen with PV 
serum (Fig 4A-H). The labeling patterns of affinity-purified PF IgG 
(Fig 51) and rabbit anti -desmoglein antibody (Fig SG) were 
indisting uish able from the bi.nding patte rn ofPF serum (Fig SA-F) . 
In contrast, the antibody against desmoplakin bound only to the 
intracellular desmosomal attachment plaque (Fig 41). Double 
immunolabeling usin g 5-nm and 20-nm gold pro bes confirmed 
these findings in the same desmosomes (Figs 4J and SH). 
PV and PF Autoantibodies Show Inversely Graded Binding 
to Desmosomes in Different Layers of the Epidermis In 
respective patients' sera of PV and PF, the mean number of gold 
particles that immunolabeled single desmosomes in the diJferent 
epidermal cell layers was de termined (Table 1). Two-way analysis 
of varian ce used for sta ti slical e valuation showed significant differ-
ence (p < 0.044) between subtype of pe mphig us (PV or PF) and 
number of gold particles associated with individual desmosomes in 
diffe rent layers of the epidermis. T beoretica Uy, the number of gold 
particles represents the amount of antigen present i.n post-embed-
ding !EM sections . T here fore, these results suggest that the number 
of immunologic epitopes fo r PV serum in a single desmosome is 
significantly higher in the basal cell layer than in the granular cell 
laye r. However, the numbe r of epiropes in a sing le desmosome fo r 
PF sera is significantly highe r in the gra nular cell laye r than in the 
basal cell layer (Fig 6). 
With PV serum, 62% of gold part icles were observed m the 
extracellular region of desmosom es compared with 20'X, m the 
VOL. 105, NO . 2 AUGUST 1995 PEMPHIGUS AUTOANTIBODIES AND DESMOSOME$ 157 
Figure 5 . PF autoantibodies bind to desmosomes. Ultrathin sections (Fig JA) were incubated with PF sera, anti-desmoglein polyclona1 antibody, 
and/or anti-desmoplakin monoclonal antibody and then with a gold-conjugated secondary antibody and examined by EM. With PF semm , gold particles 
were localized in both intracellular and e xtracellular regions of desmosom es, with the majority of binding sires observed in the extracellular region (A - F). 
No specific labeling was seen on non- desmosomal slll·faces of ke.ratinocytes (A ) . Anti-desmoglein rabbit polyclo nal antibody showed a labeling pattern cl1at 
was indistinguishable from that seen with whole PF serum (G). Double immunolabel.ing with PF serum (20-nm gold probe) and anti-desmoplaki.t1 
monoclonal antibody (5-nm gold probe) demonstrated different b inding sites in the same desmosom e (H). Affinity-purified PF IgG against the 160-kDa PFA 
showed a labeling pattern indistinguishable from that seen with whole PF serum (I). Bars, 0 .1 J.Lm . 
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Figure 6 . PV and PF sera show an inversely graded binding pattern 
t o desmosomes in different layers of human epidermis. We deter-
mined the m ean number of gold particles labeling single desmosom es in 300 
d esmosomes in a plane vertical to the plasma membrane in tbc basal (B), 
squamous (S), and granular (G) cell layers. In PV , the mean number of gold 
particles binding in single desmosomes in the basa l layer (B) is defined as 
100%. In PF, the m ean number that in the granular layer (G) is defined as 
100%. 
plasma membrane and 18% in the intracellular region . With PF 
serum, 69% of gold particles were observed in the extracellular 
region of desmosomes compared with 1.4% in the plasma m em-
brane and 17% in the intracellular region. 
DISCUSSION 
We found that PV and PF autoan tibodies bow1d to both the 
intracellular and extracellular domains of the desmosomes, with th e 
majority of binding occurring in the extracellular region . We also 
demonstrated that PV and PF autoantibodies bound to a.ll desmo-
somes in the dilferent cell layers of the human epidem1is. PV aud PF 
sera showed an inversely graded binding pattem to desmosomes in 
diffe rent layers of the human epidennis . The statistical analysis by 
two-way analysis of variance showed that binding of PV serum to 
single desmosomes was signi ficantly greater in the lower epidermis 
than in the upper epidermis and that binding of PF serum showed 
the opposite pattem, indicating that a significant interac tion be-
tween subtypes of pemphigus (PV and PF) and the different layers 
of epidermis (p < 0.044). 
The major disadvantage of the pre-embedding immu.nogold EM 
method used in previous studies is the poor p enetration of anti bod-
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ies into intact desmosomes, preventing the study of intracellular 
epitopes. Therefore, previous studies have demonstrated the bind-
ing of PV autoantibodies only to the extracellular region of 
desmosomes [17-19]. T he binding sites of PV autoantibodies to 
desmosomes in the human epidermis have not been previously 
determined, probably due to teclmical difficulties involved. The 
localization of the binding of serum in cultured cells and in the skin 
of other species m ay not accurately represent the binding that 
occurs in the human epidermis in patients with pemphigus. 
Rappersberger eta/ recently demonstra ted binding ofPF autoan-
tibody to extracellular sites of desmosomes using ultrathin frozen 
sections [20]. We observed simil ar binding to desmosomes in the 
present study using the same technique. However, with tlus 
technique adequate ultrastructural preservation was aclueved only 
in a limited area of the section . The advantage of the post-
embedding gold IEM used in the present study was that the 
ultrastructu re and the an tigenicity of epitopes for PV and PF 
autoantibodies were well preserved throughout the entire epider-
mis. With tins technique, intracellular and exh·acellular epitopes in 
the sam e ultrathin section have equal expos ure to antibodies . T hus 
we were able to analyze binding throughout the same section of the 
epidemus quantitatively by counting the gold particles . Another 
advantage oftlus IEM system was that specimens were processed at 
a low temperature with mi1umal chemical treatment so as to 
prevent the loss of conformation al epitopes for PV and PF autoan-
tibodies. 
W e previously described the ultrastructural location of a variety 
of epidenna.l basement m embrane- related antigens using a new 
low-temperature post-embedding immunogold EM techluque 
[30 ,35-38]. However, we were unable to study the binding sites of 
PV and PF autoantibodies because that techlllque was associated 
with loss of antigenicity. In a subsequent study, cryosubstitution 
using acetone for 120 h instead of methanol for 48 h successfully 
preserved the ul trastructure of the epidern"lis and the antigenicity of 
other desmosomal antigen s, including desmoplakins and desmocol-
lins [39] . 
In the present study we attempted to de termine the localization 
of binding sites in PV and PF autoantibodies, which are considered 
to be important in the pathogenesis ofpemplugus. Although the PV 
and PF serum samples used in the present study were found to bind 
specificaJJy to the 130-kDa PVA (Dsg3) and the 160-kDa PFA 
(Dsg1), respectively, by Westem immuuoblot analysis, it is possible 
th at the serum samples contained antibodies against other mole-
cul es because Westem blot analysis detects only sequential epitopes 
and not conformatio nal epitopes. However, PV serum sample used 
in the present study did not react with PFA or with bacterial fusion 
proteins of the extracellular and intracellular domains produced by 
eDNA encoding of bovine Dsgl. In addition , labeling pattem of 
affinity-purified PV lgG against the 130-kDa PVA and affinity-
purified PF IgG against the 160-kDa PFA were indistinguishable 
fro m patters of PV serum and PF serum, respectively. These 
support that the present results might accurately refl ect PV A and 
PFA distribution. 
Our results suggest that autoantibodies from patients with PV 
ru1d PF bind selectively to desm osom es of human epidermis . The 
majority of the binding epitopes were observed in extracellular 
sites. The binding of PV serum to individual desmosomes was 
sigJuficantly higher in lower epide rmis than in the upper epidermis. 
PF serum showed the opposite patten1. These findings sugges t that 
desmosomes may have heterogeneous composition, wluch could 
explain the different levels of acantholysis between PV and PF. 
T llis work was supp011ed by Scieutific Research Graul (A) 05404036 from tl1e 
M i11iSI1y of Ed11cation, Scieuce a~~d C ulture of Japan. We would like to tlwuk Dr. 
Fujiwara aud M rs. Sato for their exce/lmt tecllllical assislauce, Dr. Tkeyama (Kose 
LaiJorat01y) fo r his adrlice 011 statistical aualysis, arrd Dr. D . R. Garrod for Iris critical 
rc11icw l!f tire llralulscripl. 
THE JOURNAL O F INVESTIGATIVE DERMATOLOGY 
REFERENCES 
1. Stanley JR, Yaa r M. Ha wley NP, Katz Sl: Pemphigus antibodies iden tify a cell 
surface glycoprote in synthesized by bUJnan and mouse kcrarinocytcs. J C liu 
fii i'CSI 70:28.1 -288, 1982 
2. Jones JC , Arnn J, Stachelin LA , GoldmaJl Jill: Human autoantibodies against 
dcsmosomcs: possible causative factors i.n pemphigus. Proc N t1fl Acad Sci USA 
81:278 1-2785, 1984 
3. Jones J C , Yokoo KM. Goldman RD: Further analysis of pemphigus autoanti-
bodies and their usc in studies o n the heterogeneity, structure, and function of 
desmosomes. J Cdl Bioi 102:1109-1 U 7. 1986 
4. Eyre R.W, Stanley JR.: Identification of pemphjgus vu]g;u·is antigen extraC[ed 
from normal human epidermis and comparison with pcmpltigus foliaceus 
an tigen. ) C li11 llwesl 81:807-812. 1988 
5. Korman NJ , Eyre R.W, Kio us KV, Stanley JR: Demonstration of an adhering-
j unction molecu]c (plakoglobiu) in the autoantigcns of pemphjgus foUaceus 
and pemphigus vulgaris. N Eng/) Med 321:631-635, 1989 
6. Hashimo to T. Ogawa MM. Konohana A. Nishikaw:1 T: Detection of pemphigus 
vulgarjs and pcmphjgus foUaccus antigens by inununoblo c analys is using 
different antigen sources. J l11 vest. Deruralol 94:327-331, 1990 
7. Kouht L, Kusurni A, Steinberg M S, IGaus KV, Stanley JR: Human autoantiboclies 
against a desmosomaJ core prote in in pemphigus foliaceus. J Exp /'.1ed 
160:1509-151 8, 1984 
8. Stan ley JR. Koulu L, JGaus KV , Steinberg MS: A monocl onal antibody to the 
desmosomaJ glycoprotein desmoglein I binds the same polypeptide as human 
autoantibodies in pemphigus foliaceus. J lmlllllllol 136:1227-1230, 1986 
9. Calvanico NJ , Martins CR , Diaz LA: Characterization of pcmphjgus foliaceus 
antigen from human epidermis. J lrwcsl Derma/of 96:815-821, 1991 
10. Wolff K, Schreiner E: Ultrastructural localization of pemphigus auto-antibodies 
within the epidermis. Nature 229:59-60. 1971 
1.1. T:tk.igawa M , hnau.mra S, Ofuji S: SurHtce distributio n of pemphigus antibody-
binding subst:mce (s) on isolated guinea pig epidermal cells . An immunofc.rritin 
electron microscopic srudy.j bwest Denuntol 7'1 : 182-185, 1978 
12. T akahashi Y, Patel HI', Labib R.S , Diaz LA, Anha lt GJ : Experimentally induced 
pcmphjgus vuJgaris in neona tal BALB/c mice: a time-course study of clinical , 
inunw1o logic, ultrastructural, and cytochemical changes . J fm,csl Denuntol 
84:4 ·1-46, 1985 
13. Jones JC, Yokoo KM , Goldman 1\.D: A cell surface desmosome-associated 
component: identifica tio n of tissue-specific cc lJ adhesion molecule. Proc all 
Awd Sci USA 83:7282- 7286 , 1986 
14. Konrad K, Sting\ G, Holubar K: Ultrastru ctural localization of in vivo bound 
immunoglobulin in cpidcnnis of Brazilian pcmpltigus fo liaceus (fOgo selva-
gem). Brj Dcrmatol 96:449-451,1 977 
15. Sotto MN, Shimizu SH , Costa JM. De Brito T : South American pemphigus 
foliaceus: electron rn.icroscopy and immunoclectron localization of bound 
immunoglobulin in the skin and oral mucosa . Brj Denllafol 102:521-527, 1980 
16. Futamura S, Martins C , R.ivitti EA, Labib R.S, Diaz LA, Anhalt GJ: Ultrastruc-
tural studies of acantholysis indu ced in vivo by pass ive transfer of lgG from 
endemic pemphigus foliaceus (Fogo Selvagem).J !11 vcs1 Derlllalol 93:480-485 , 
1989 
17 . Lwatsuki K ) T akigawa M , Im:,izumi S , Yan1ada M: In vivo binding site of 
pemphigus vulgaris antibodies and their f.1tc during acantholysis. J A 111 Acad 
Dcrlllalol 20:578-582 , 1989 
1.8 . Akiyama M, Hasltimoto T, Sugi ura M, Nishikawa T: Ultrastructura1local.izacion 
of pemphigus vulgaris and pemphigus fo liaccus antigens in cultured hwnan 
squamous carcinoma ceUs. Brj Derlllalo/1 25:233-237. 1991 
19. K:irp:i ti S, Amagai M, Prussick R , Cehrs K. Stanley JR: Pemphigus vulgaris 
antigen, a dcsmoglcin type of cadhc.rin, is loc;llhed w ithin keratinocyte 
desmosomes.J Cdr Bioi 122:409 - 415, 1993 
20. Rappcrsbcrgcr K. Roos N , Stanley JR.: lmmunomorpho logic and biochen_\ical 
identification of the pemphigus foliaceous autoantigcn within dcsmosomes . j 
l111•esl Derlllatol 99:323-330, 1992 
21. Amagai M. KilT]Jit ti S, Prussick :R ... Klaus KV, Stanley JR: Autoantibodies against 
the anllno-terminal cadherin-Like binding domain of pemphigus vulgaris 
antigen are pathoge ruc. ) Cliu /u ,esl 90:919-926, l 9n 
22. Allen EM. Giudice GJ , D iaz LA: Subclass reactivity of pemphigus foliaceus 
autoantibodies with recombinan[ human desmoglcilt. j f1111est D ermaf<ll 100: 
685-691 . 1993 
23. Dmochowski M, Hashimoto T, Amagai M. Kudoh J , Shimizu N , Koch PJ , 
Franke WW, Nishikawa T : T he extracellular aminotcrminal domain of bovine 
desmoglcin 1 (Dsg"l) is recogujzcd only by certain pcmph.igus foHaceus sera, 
whereas its intrace llular domain is recognized by both pemphigus vulgaris and 
pcmplugus foliaceus sera. ) ilwesl Derma/o f 103: 173-177, 1994 
24. Amagai M. Haslumoto T, Shimizu N , Nishikawa T: Absorption of pathogc•uc 
autoantibodies by th e extracellular domain of pcmpltigus vulgaris antigen 
(Dsg3 ) produced by baculovirus.J Cli11 lm>es/ 94:59-67, 1994 
25. Shida H, O hga R.: Effect of resin usc in the post-embedding procedure 011 
im.muuoclcctron microscopy of membranous antigens. witl1 special rcfcrcllce 
to sensitivity. ) Hiswcbem C y1ocbem 38:1687-1691 , 1990 
26. Parrish EP, Steart PV, Garrod DR, Weller RO: Antidesmosomal monoclonal 
antibody in the diagnosis of intracranial tumo urs. J PtH/w/153 :265-273, 1987 
27. Amagai M, Klaus KV, Stanley JR: Autoantibodies against a novel epithelial 
cadherin in pemphigus vu.lgaris, a disease of cell adhesion . Cell 67:869 - 877. 
1991 
28. Olmsted JB: Affuuty purification o f antibodies from diazoti zed paper blots of 
heterogeneous protein samples. J Bioi Cbem 256:11 955-1 .1957. 1981 
VOL. 105, NO. 2 AUGUST 1995 
29 . Smith DE. Fisher PA: Idcntitication , d evelopmenta l rcg uladon . and response to 
heat shock of two an tigen.icaHy re lated forms of a major nudca_r envelope 
protein in Drosophila embryos: applicatio n o f an improved metho d for atfin.ity 
purificatio n o f antibodies u sing polypeptides immobilized 0 11 nitrocellulose 
blots . J Cell Bioi 99:20 - 28, 1984 
30. lshi.ko A, Shimizu H. Kikuchi A. Ebihara T. Hashimoto T, Nishikawa T: Human 
autoan tibodies ag:~in sr the 230-k.D bullo us pcntphi goid antigen (BPAGl) bind 
only to the intracellul ar domain o f the hcmidcsmosomc, w he reas those against 
the 180-kD bullous pemphigoid antigen (B PAG2) bind a.lo ng th e plasma 
m embrane of the h emidcsmosontc in normal human and swin e skin. J C liu 
III IICSI9\ :1608-16 \ 5, 1993 
31. White JG. Amos WB. Fordham M: An evalu ation of confocal versus con ven-
cional im;1ging of biological structures by Auorcsccncc light 1nicroscopy.j Cell 
Bioi 105:41 -48, 1987 
32. Tokuyasu KT: Immunochemistry on ultrathin fiozen sections. I-fistochrm j 
12:381-403. 1980 
33. Krenik KD, Kephart GM, Olford KP, Dunnctte SL, Gleich GJ: Comparison of 
antif.1ding agents used in immunofluorcsccncc. J lmuumol A1letltods 117:91-97. 
L989 
34. Shimizu H , Hayaka wa K. N ishikawa T: A comparative immunoclcctron micro-
PEMPH IG US AUTOANTrBODIES AND DESMOSOME$ 159 
scopic study of typicn.l and atypical cases of pemphigoid. Br ] Denrratol 
11 9:717-722. 1988 
35. Shimizu H , McDonaldJN, Kennedy A R.. Eady R..-'1.: Demonstration of intra- and 
extracellular localization of bullo us pemphigoid antigen usin g cryofixarion and 
frcczc substitution fo r postcmbcdding immun oclcctron 1nkroscopy. Arch 
Dcmratol Rc·s 281 :443-448, 1989 
36. Shimizu H. Hashimoto T. N ishikaw:-t T, Eady R..A: Human mo noclonal anti-
basement m embrane zone antibodies derived from virally transfonTtcd Jyrn-
phocytes of a patient with bu ll o us pemphigoid recognize epitopes associated 
·with hcmidcsmosomcs. Br J Den11n11)/ J 24:2 17-220. 199 1 
37. Shimizu 1-1 , Ishida YA, Eady RA: T he usc of silver-e nhanced 1-nm gold probes 
for lig:h t and el ectron microscopic loca_li za tion of in tra- and extracellular 
anLigcns in skin . J Historl/C/11 C rtoclwm .J0:8R3-888. 1992 
38. Shimizu H. Nishikawa T: Application of an iJnage an alyzer tO gold labeling in 
iuununoc lcctron tnicroscopy to achieve better demonstration an d quantitative 
analys is. J Historltem Cytnclcem 4 1: 123- 128, 1993 
39. Shimizu H. Masunaga T, 1shiko A. Hashimoto T, Garrod DR.. Shida H, 
Nishikawa T: Demonstration of desmosoma l antigens by e lectron microscopy 
using cryofixcd and cryosubstin1tcd skin ·with silver-enhanced gold probe . J 
Historlr errr Cytoclrem 42:687-692, 1994 
DONATE YOUR OLD BOOKS AND JOURNALS 
The American Academy of Dermatology's Task Force to provide Educationa.l Materia ls to 
Developing Countries has a (jst of Dennatology Teaching Centers throughou t the world that 
have no library or operational budget and would be most grateful for textbooks published 1985 
or after, joumals published 1980 or after, clinical slides and histopathological slides (must be 
correctly labeled and categorized), old instruments and equjpm ent. 
The donor must send the m aterial at bjs/ her own expense. Value of the material is estimated 
by a qualified librarian . Materials plus shipping costs are considered a don ation to the Academy 
for your tax records. Donated materials are matched with the "want List" from a center in need. 
Precise instructions concerning packaging and shjpping will be sent to the donor. 
lfinterested, please send inventory, listing author, t itle and date of publication for books. List 
Jouma.ls by name, volume nun1ber, date, whether bound or unbound and whether complete 
or indicate what is missing. 
If you are reading this announcement in a country o r area in need of such teaching m aterials, 
please write with full particulars detailing your needs and facilities. 
Your donation will be a valuable and cherished contribution to the welfare of millions of 
patients in developing and newly democratized countries. 
For further information, please contact: 
N avjeet Sidhu-Malik, M .D. 
University of Virginia 
H ealth Science Cen ter 
Box 134 
Charlottesville, VA 22908 
Please do It o! send material to this address. You will receive instructions and the recip ient's 
address when an appropriate match is m ade. 
